The aim of this research was to investigate the feasibility, effectiveness and viability of elearning in construction management education and the students' preference between elearning and traditional face-to-face learning. A longitudinal study on e-learning for construction technology courses has been carried out over a period of three years between 2002 and 2004. E-learning modules were developed for an undergraduate third year course Construction Technology and implemented in semester 1 of 2002 and subsequently in 2003 and 2004. Each year, the students enrolled on this course were surveyed prior to and after the e-learning sessions, to identify their knowledge, perceptions and change of attitude towards e-learning. The survey results showed that the majority of students' knowledge of elearning has increased and their experience of e-learning has been positive. Furthermore, the students felt it was feasible and effective to use e-learning in construction education. In addition, most students considered that there was little difference in the level of mastery of course contents obtained by e-learning compared with face-to-face method. However, the majority of the students indicated that they would prefer a combination of face-to-face and elearning methods. Based on the experience gained over the three years, the lecturer (i.e. the author) had also reflected on the process and provided suggestions on how e-learning could be used in the teaching and learning construction technology/management courses. It is concluded that e-learning is feasible and effective for construction management education and is most effective when integrated with face-to-face teaching and learning.
Introduction
E-learning (also called online learning or multimedia learning) can be defined as using computer and Internet mediated communication for teaching and learning. Without any doubt, the aims of e-learning are to increase quality of learning, generate more educational opportunities, increase student numbers, improve lecturer's productivity, improve the effectiveness of resource usage, and ultimately enhance students' learning experience and outcomes.
The advantages of e-learning are manifold, including: more efficient and centralised maintenance of up-to-date course materials; more flexible class and learning time and speed (self paced learning); local or remote classroom access; online assessment; paperless delivery; capable of presenting learning materials in different forms, such as text, photo, video and animation; caters for large student numbers; allows part-time students to be enrolled; enables cross-disciplinary collaboration and reduces unnecessary duplication; ability to extend the course to students with disabilities.
However, despite the fact that e-learning offers many advantages over traditional face-toface methods, until now the majority of educators are still not using it and e-learning for construction education is perceived as an infeasible concept due to the prolonged recognition of a lecturer-student learning environment. Further to this, it is important to understand from the students' perspective whether e-learning is effective in enhancing their learning. The aim of this research was to investigate the feasibility and effectiveness of elearning in construction management education from students' perspectives. As such, a longitudinal study on e-learning has been conducted over a period of three years between 2002 and 2004 using an undergraduate third year core course Construction Technology. This paper, following a critical review of literature, summarizes the main findings of this research in terms of students' perspectives and this lecturer's reflection.
Related Past Research
As early as the 1960's, some educators used computers to support learning (Rada, 2001) . However, the adoption and benefits of e-learning have not been widely promoted until recent years. According to E-learning Age (2003) , Brendan Casey, director of libraries and information services at City University (in the UK) said:
Providing a first class education system; boosting the student learning experience and driving students' success is something all higher education institutions face today. By taking advantages of the innovative technology that is available, universities will be able to meet these goals and offer students an even better education. WebCT is an e-learning platform that includes a range of course development, delivery, content and information management capabilities (E-learning Age, 2003, p.7) .
Although such statements were focused on addressing the software WebCT, they delivered a clear message on the importance of application of e-learning in university education. This section provides a brief review of the literature currently available, with a specific focus on the effectiveness, implementation requirements and performance measurement of elearning.
Past research (Golladay et al., 2000; Lundgren and Nantz, 2003; and McDonald 2000) showed that e-learning continues to grow in popularity since it provides convenience and flexibility to learners and gives organisations the ability to deliver training quickly at reduced costs. Similarly, Hiltz and Wellman (1997) stated that: mastery of course material [using e-learning] is equal or superior to that in traditional classrooms; virtual classroom students report higher levels of subjective satisfaction when compared with a traditional classroom on a number of dimensions, including access to their instructors, and overall quality of the educational experience; students perceive the experience as group learning rather than individual learning (Hiltz and Wellman 1997, p. 47 ). Cappel and Hayen (2004) investigated the experiences and perceptions of students who completed a self-paced, independent study on-line course as a project within a traditional, instructor-led graduate course. Their research showed a "blended" approach may be a better way of using e-learning. In the blended approach, besides using e-learning on the "front end" of classroom learning, it can also be used after the classroom experience to maintain an ongoing discussion among a community of users about course-related issues via chats, electronic discussion boards, or other technologies. Their research also showed the importance of generating interaction in the online environment through the use of discussion boards, chats, or other interactive elements, into the learning experience to allow users to communicate with each other and the instructor. They suggested that the online course should include contextual information presenting not only the "what" of course content but also the "why" or "when to apply" these concepts and these issues could be addressed by the instructor. Their research also suggested the importance of building flexibility into online unit design and the need to minimize the technical problems of users. Finally, they concluded that e-learning has just begun to make a significant impact on educational delivery; its role will likely expand in the years ahead. Beasley and Smyth (2004) analyzed the expected and actual student use of an on-line learning environment through a comprehensive literature review and a case project. They concluded that when developing an online learning environment, it is important to: consider the likely educational experiences of students, particularly in relation to online learning, identify the kinds of online learning support required; give explicit instructional guidance on how to operate them, include appropriate supportive visual and interactive multimedia to increase potential opportunities for enhanced learning and transferable knowledge; provide self-assessment tools and materials to allow students to test their understanding and reflect on the effectiveness of their learning; ensure there is a purpose, in the form of clearly communicated tasks or activities, for students to participate in on-line discussion. Lindh and Soames (2004) investigated how students and teachers experience on-line courses and whether both parties perceive similar advantages and disadvantages in on-line learning. They used a pre-course online questionnaire and follow-up questionnaire method together with individual reflections. They concluded that both parties consider geographical independence advantageous and express the need for a well-structured course including administration and content. They also commented that individual learning styles and approaches play an important part in achieving success; students' computer skills and technical knowledge may also affect a successful outcome. They further commented that: despite all the seeming advantages of holding computer-assisted conversations, there is the yearning for human contact. Flexible learning is still too new, and educators and learners need to adjust to the new technologies as well as the new forms of electronic reading and writing (Lindh and Soames, 2004, p. 133) . Abas (2003) claimed that:
there isn't a so-called best method of learning. E-learning is probably best at providing a different learning experience. It may be comfortable and exciting for some, not so for others. What's certain is that e-learning is a good addition to the list of pedagogies currently available. In spite of what it offers or does not offer, it has caught the attention of many and convinced others to go in that direction. (Abas, 2003, p . 1) Spicer and Stratford (2001) studied the student perceptions of a virtual field trip to replace a real field trip. They concluded that while students were extremely positive about the potential of the virtual field trip to provide valuable learning experiences, nearly all of the students were insistent that it could not and should not replace real field trips. Oliver and Omari (2001) studied the student responses to collaborating and learning in a web-based environment. They concluded that while the majority of the students saw value to be gained from learning in a student-centred and collaborative setting, many expressed a preference for learning in the more conventional teacher-directed forms. They also commented that a number of important factors are missed in the implemented setting, including organising strategy to aid students in the problem solving process and adequate feedbacks. Golladay et al. (2000) and Serwatka (2003) pointed out that learning in an online environment requires a significant amount of discipline and self-motivation and this is particularly true for independent, self-study units. As with the use of other new technologies, more experience with the technology over time often leads to users developing more effective behaviours and confidence. Biggs (1999) stated that although teachers and students are becoming more familiar with the use of computers in education, there is still the need for face-to-face contact.
Regarding professional training, Welsh et al. (2003) conducted a critical review entitled 'Elearning: emerging uses, empirical results and future directions' with a focus on professional training using e-learning. They concluded that: the practitioner and research literatures together suggest that technology can be used effectively and efficiently to facilitate learning. To do so, however, an organisation must carefully consider issues of training design, IT infrastructure, and change management (Welsh et al., 2003, p. 256 ).
Other literature also showed that [E-learning] is part of the biggest change in professional training since the invention of the chalkboard or perhaps the alphabet. The development of computers and electronic communications has removed barriers of space and time. We can obtain and deliver knowledge anytime, anywhere (Horton, 2000, p. 6 ). Cappel and Hayen (2004, pp. 55-56) and McDougall (2001) claimed that e-learning has often been pursued out of the convenience and flexibility it offers to learners, and the cost savings it provides to organisations. There is an ongoing need to assess its effectiveness compared to more traditional instructional approaches and they claimed that future research studies utilising other samples, types of course content, technologies and settings are encouraged.
Research about e-learning as part of a blended approach to learning, which appears to hold significant promise, would be particularly beneficial. "Additional research will allow academicians and practitioners to make better decisions about where e-learning can be applied most effectively, how, and under what circumstances" (Cappel and Hayen 2004, pp. 55-56) . Furthermore, McDougall (2001) 
Research Aims
This research attempts to find answers for two questions: "Is e-learning suitable for construction education?" and "How can e-learning be best used in construction education?" The aims of the research are set out as below:
• To identify the students' experience with e-learning.
• To measure the feasibility, suitability and effectiveness of e-learning through measuring the shift in students' perceptions between pre and post e-learning.
• To assess the viability of using e-learning in construction courses.
• To identify areas that require improvement in developing e-learning modules.
Research Methodology
In order to measure the change of students' perception and attitude over e-learning, the "pretest post-test single group design" method was used in this research. This section describes the process of course website development, survey questionnaire development and survey sampling, as well as the lecturer's reflection on the e-learning process.
Student/Survey Sampling
In this research, the targeted student group was students enrolled in a third year core course Construction Technology in Bachelor of Building Construction Management.
Course Website Development
The course website was developed using WebCT virtual learning environment (VLE) since it offers many tools. A number of other software packages such as Dreamweaver, Macromedia flash etc., were also used in developing the course website. The following components were included in the course website (Figure 1 ): Syllabus -to create a customized course outline with course and lecturer information.
Content Module/Lecture Notes -to organize, index and store course material, such as lecture notes, references and multimedia presentations.
Assignment/Tutorials -to create assignments and tutorials and allow submission of work through WebCT with the option of setting a time condition.
Online Quizzes -to create multi-format online quizzes capable of being graded instantly, can include True/False, multiple choice, and short and long answer questions.
Grade Management/My Grade -a register for marks that permits students to view their marks for each assignment and tutorial. Quiz marks are automatically recorded here once a quiz has been completed. 
The e-learning process
In order to evaluate the effectiveness of e-learning, an e-learning module (Figure 2 ) on the topic of formwork systems for tall building construction was prepared and uploaded to the course website via the WebCT platform (Figures 2a-c) . The module consisted of not only text but also pictures, animations ( Figure 2b ) and video clips as well as an online quiz ( Figure  2c ). The students were given two weeks to self-study the contents in an online environment with an e-learning instruction given by the course lecturer during the face-to-face lecture Journal for Education in the Built Environment, Vol. 2, Issue 2, October 2007 Copyright © 2007 CEBE (note the e-learning instruction was also posted on the course website). The students were required to read and understand the topic contents and complete the online quizzes within the two weeks. The students were free to discuss/communicate about topics with peers or lecturers over the course website using the Discussion Forum.
Snapshots of a e-learning module (formwork systems) developed by the author Figure 2a The front-page of the e-learning module 
Survey Method
In order to gain a better understanding of the students' perception and experience on elearning, two surveys were conducted. The first survey (pre e-learning survey) was conducted before the implementation of the e-learning module. The second survey (a post elearning survey) was carried out after the implementation of the e-learning module (Figure 3 ). This research method was also used by Lindh and Soames (2004) . The post e-learning survey was conducted immediately after the implementation of the e-learning modules, to prevent any undue influences from deterring a bona fide survey result. In order to allow the students to express themselves freely in the survey, they remained anonymous throughout the research. Allen (1973) commented that there is a "central tendency" concept when people respond to a survey questionnaire, in that the respondents avoid taking an extreme stand and opt to choose the middle response from a set of answers. To avoid this from happening, an even number of choices was provided to "force" the respondent to be more biased in his/her preference, and thus allow a more measurable analysis on the survey results. In the survey, the students were expected to rate/respond to a series of four values with the first two (rating 4 -strongly agree and 3 -agree) constituting a positive implication and, conversely, the last two (rating 2 -disagree and 1 -strongly disagree) constituting a negative impression on the question asked. In addition, open ended questions were also provided together with white space to allow students to write their qualitative comments and suggestions.
A series of questions intended to explore the students' belief and opinion concerning the application of e-learning were delivered. The pre e-learning survey included three parts. The first part probes into accessibility to the Internet outside the university, while the second part aims to uncover students' general perceptions and understanding of e-learning. The last part of the survey was designed to assist in developing the e-learning module by acquiring details of students' needs and expectations of e-learning. To enable comparison with pre e-learning survey results, the post e-learning survey consisted of some repetitive questions from the pre e-learning survey, and other related questions.
Data collection and analysis
The initial plan was to carry out the research with the use of email or the WWW (World Wide Web) to administer the survey questionnaire. Although email bears several advantages including low development cost and wide distribution, ability to identify non-responders, low response time, and ease and convenience for recipients, it conversely also has the disadvantage of lack of anonymity (Sheehan and Hoy, 1999) . Another concern is with the security and privacy of the survey questionnaire delivered over the WWW, as not all students will have secured Internet connections. Therefore, in consideration to all the above mentioned factors, a hardcopy survey handed out during the class hours was deemed a more suitable method for the collection of the survey data. The software SPSS (Statistics Package for Social Science) was used to analyze the data and its significance.
Lecturer's reflection on e-learning implementation
Further to obtaining the students' perceptions on e-learning using surveys, the lecturer (i.e., the author) has also reflected on the process of this e-learning research, and provided suggestions and comments to a number of issues that have arisen.
Results and Discussions
There were 215 students enrolled in Construction Technology over the three year period (2002 to 2004) . The response rate of the pre e-learning survey was 66% (61%, 72%, 64% respectively), and the response rate of the post e-learning survey was 60% (61%, 54%, 67% respectively). 
Baseline survey -Pre e-learning survey results
A total of 141 students participated in the pre e-learning surveys from 2002 to 2004 (50, 50, 41 respectively). Table 1 presents the results of the pre e-learning surveys over three years. The feasibility (ability) to access the Internet outside university increased significantly over the years, from 78% to 100% (see Table 1 ). Furthermore, the students' knowledge on elearning also increased significantly over the three years from 60% to 88% (see Table 1 ). The increased level of knowledge on e-learning will allow the students to make better justifications on the feasibility and effectiveness of e-leaning for construction education. These two indicators provided a green light for using e-learning in construction education.
However, only 50% of students consider that it is feasible to teach Construction Technology using e-learning and this number seemed unchanged over the three years. On average about 44% of students considered e-learning as an effective method to teach Construction Technology (but the figures increased from 34% to 54% over the three years). It is interesting to note that if given a choice, only 18% of students reported that they would like to enroll in this course if it was delivered totally by e-learning.
On average, more than half (53%) of students preferred combining face-to-face and elearning together, and 36% still preferred face-to-face teaching only. It is interesting to note that over the three years the shift on "total e-learning only" method dropped from 18% to only 2% despite the fact the students have gained more experience on e-learning. At the same time, there was also a drop in the total face-to-face preferences, from 46% to 28% and 32% in 2002, 2003 and 2004 respectively. On the other hand, the blended/combined method of face-to-face and e-learning has increased from 36% to 60% and then 66% over the three years. Such a shift indicates that the students on one hand have had a positive experience of the advantages of e-learning, but at the same time they also felt that total e-learning may not be the best method to learn construction technology courses. These findings are in close alignment with the findings by Cappel and Hayen (2004) as discussed in the Related Past Research section. 
Preferred learning and teaching method for construction courses
Face-to-face only: The percentage of students that are in favour of traditional "face-to-face" teaching and learning remained quite static -20%, 24% and 26% for 2002, 2003 and 2004 respectively, with an average of 23%. One must say such percentages were not high and it delivered a message to the lecturers to consider alternative course delivery manner.
E-learning only:
As shown in Table 2 , if given a choice on average, about one quarter (24%) of students reported that they were willing to enroll if this course was delivered by total elearning. Such a figure was just comparable to the "face-to-face" preference. But a good sign was that the preference had increased from 16% to 20% and then to 37% over the three years. Further to this, the preference of "e-learning only" had also increased from 6% to 8% and 16% over the three years. (One may argue the percentages are still very low, which is true at this moment, however if one were to look at the trend then the increase is quite significant). These figures indicate that e-learning has its merit but students are still at the stage of getting used to this new learning method and the "e-learning culture" may be developed with time to come.
Combining face-to-face teaching and e-learning: on average, the majority of students (67%) preferred combining face-to-face and e-learning together. But there was a drop in this preference over the last three years, from 74%, to 68% and 58%. This is mainly due to the fact that more and more students prefer "e-learning only" over the three years, as indicated in 
Course mastery
Based on the e-learning experience they received, 65% reported that they mastered the course of 'Construction Technology'. It is interesting to note that there were no significant differences between e-learning and face-to-face learning in terms of level of mastery of the course contents. This finding was similar to Hiltz and Wellman (1997) . Overall, 21% of students reported that the e-learning experience was excellent, 53% reported good, 18% reported fair and only 8% reported poor.
Attitude change after having experienced e-learning
Comparing the post e-learning survey results to the pre e-learning ones, the feasibility of elearning considered by the students increased significantly from 50% to 69% after experiencing e-learning. The proportion of students reporting that e-learning was an effective teaching and learning method also increased significantly from 45% to 65%. Having experienced e-learning, the students were more likely to enroll on Construction Technology delivered by e-learning (18% versus 24% respectively for pre e-learning and post e-learning surveys). However, the difference is not significant. Interestingly, the proportion preferring face-to-face teaching decreased from 36% to 23% and more students preferred a blended or combined method of face-to-face learning and e-learning together after having the experience of e-learning (53% versus 67% for pre e-learning and post e-learning surveys respectively).
Figures 4 to 6 provide a clear comparison of the changes of students' perceptions and attitude on e-learning in terms of feasibility, effectiveness, and their willingness to enroll in a course by total e-learning over three years. Figure 7 shows the students' preferred teaching and learning method for construction technology courses. Once again, it appears that a blended (i.e., combined) approach of face-to-face learning and e-learning may be a wise option. This finding is in line with Cappel and Hayen (2004) and those of Abas (2003) as well as Biggs (1999) that although teachers and students are becoming more familiar with the use of computers in education, there is still the need for face-to-face contact. 
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Figure 7 Preferred methods of learning Construction Technology course
However there was no significant difference in the level of mastery of the course content either by face-to-face teaching or e-learning (69% versus 65%, respectively). This highlights that e-learning is only a tool that helps students to learn (and help lecturers to deliver the course content) but the fundamentals of learning still lies within the students' self-motivation of learning and their personal learning goals.
Students' comments and suggestions
Besides the structured questions, white space was provided to students to write any additional comments or suggestions. The use of voluntary feedback from the students allows them to express their feelings and concerns freely, and thus provides more genuine remarks. In view of this, the comments and suggestions from the students cannot be treated as unimportant statements, but rather as a supplement to the quantitative study. Table 3 in the Appendix shows the quotes from the students expressing mixed feeling and concerns towards Construction Technology e-learning. The quotes have been classified as follows:
Positive comments Compliments of e-learning and its interactive materials Neutral comments Suggestions and general comments on the e-learning and the construction technology course material Negative comments Dissenting comments and complaints about e-learning and construction technology course With this categorization, the comments can be sorted easily and it also provides an implication of the students' attitude towards e-learning (see Table 3 -Appendix).
Pre e-learning
As seen from Table 3 , prior to e-learning, the number of negative remarks far exceeded the positive remarks which bore only one "Web is good" statement, that does not even seemingly imply that e-learning is good. Adversely, the students judged e-learning with hostile remarks such as, "I hate e-learning" and "Nothing beats the real thing" or "it is a cost cutting exercise 0%  10%  20%  30%  40%  50%  60%  70%  80%  90% 100% pre e-learning post e-learning face to face e-learning both
Post e-learning
The comments and suggestions provided by the students in the post e-learning survey was overwhelming. More than 50% of the students provided feedback compared with only 26% who responded in the pre e-learning survey. In addition, most of this feedback endorsed the e-learning modules they had just experienced. Students' positive attitude towards e-learning in Construction Technology can be described as appealing.
Similarly to the other questions in the post e-learning survey analysis, there is an obvious shift in students' perception that can be observed from the comments/suggestions section. The number of positive remarks complimenting and advocating the Construction Technology e-learning module had increased tremendously going from one pathetic and abstract remark in the pre e-learning survey to a list of 11 encouraging responses. This change renounces the earlier negative impression on e-learning held by the students. Now the students were not only interested in Construction Technology e-learning, but were also participating actively in recommending improvements for the course using e-learning. Also more comfortingly, was the fact that there were only two negative remarks and both were less harsh and unappreciative when compared to the pre e-learning survey. Moreover, many suggestions and comments would be useful when designing e-learning modules in the future.
The Lecturer's Reflection
Having conducted this research on the application of e-learning in construction education for the last three years, the lecturer (i.e., the author) has reflected on the process and summarized some key issues in the following sections.
Course website development is the most difficult part
The design of the course website, software selection, software training and skill gaining, and website development was a time consuming activity in comparison to the preparation of traditional face-to-face lectures. Many hours were spent on building the website and preparing course materials in electronic formats, particularly the creation of animations and video clips as well as the development of online quizzes. Developing and implementing elearning courses/modules requires substantial time and effort of the lecturers. However, once established, the course materials have been reused since 2002 with minor modification and improvement. Clearly, it is worth the time and effort if there is ample repeat demand for the course. Further, since all on-line quizzes and tests are marked automatically and grades recorded and confidentially issued to the students via the course website there is a Lecturer's role shifted from "talking/lecturing" to "typing/facilitating"
The roles of the lecturer were vastly different in an e-learning environment compared with face-to-face lectures. The role of the lecturer is reduced to answering any queries and questions raised by the students via the web which requires much typing. In an on-line environment, the students become the centre of learning (also called student-centred learning) and the lecturer becomes a facilitator. The lecturer's other role is to monitor students' learning progress and encourage those who are falling behind. As such, setting up a clear and detailed study guide is vital. One of the important aspects is to provide a clear timeline for each learning activity as students may leave things until the last minute. However, both activities (typing and facilitating) can be done anywhere in the world. For example, on one occasion, the lecturer was in China when conducting the class in Sydney and on another occasion was in Manchester during the class time, but was able to guide students and answer questions via the Internet. 
Acquiring necessary information technology (IT) skills is crucial

Students' active participation is the key for e-learning success
During the e-learning period, the students logged on to the course website and worked at their own pace studying the course materials, participating in discussion, then answering the quizzes or tests. In the lecturer's experience, there have been a number of cases where students asked to re-enter the online quizzes after the deadline with excuses of "having forgotten about it" or "just missed the deadline". Since the students were left to study the course contents at their own pace and own time and in their preferred places, it is important to provide clear study guidelines and the most important thing is to encourage and monitor their active participation in self-study or discussions with peers/lecturer, and carry out the learning activities and complete assessment tasks within the time limit.
Discussion and Conclusions
What is the future of e-learning for use in construction management education and is it a viable option? One may say that e-learning is a suitable and effective method for construction management education and offers benefits that cannot be easily achieved by traditional face-to-face instruction, as discussed in previous sections. However, it requires a vast investment in time, money and effort to build and maintain the website which is dependent upon the necessary computing hardware and software. The viability of e-learning for construction management education is dependent upon a number of factors, including satisfactory university computing facilities and support, dedicated staff having the necessary IT skills, and a well designed website with interactive course material, as well as students IT skills and their experience and motivation for e-learning.
Based on this three-year longitudinal study on e-learning through pre e-learning and post ee-learning surveys and the lecturer's reflection, the following conclusions can be made:
• E-learning is a suitable, feasible and effective method for undergraduate construction education.
• There is an increased trend in the knowledge and acceptance of e-learning by the students.
• There may be little difference in the level of content mastery obtained by e-learning compared with face-to-face delivery methods.
• From the lecturer's perspective, it requires commitment in terms of time and effort to develop and implement e-learning. It also requires the lecturer to acquire the necessary IT skills and an understanding of his/her roles in an online learning environment.
• To maximize the benefits/advantages of e-learning and achieve the best learning outcomes, an integration of face-to-face teaching and e-learning is recommended for construction management education.
In any case, given the advantages of e-learning, it is a great tool that lecturers and students should learn to use in order to improve their work/learning efficiency. Need to see answers for quizzes and what answers where right and wrong. Also, format needs to be easily printed off for further reference.
Powerpoint too big to print out.
Need to know what the questions I get right and wrong after submission of quizzes.
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